CALIBRATION DATA SETTING DEVICE 

BACKGROUND OP TOE TWVRMTTOM 

1. Field of the Invention 

The present invention relates to a tone characteristic 
setting device for setting tone characteristic , such as 
calibration data, that matches image formation characteristic 
of an image formation device and that is used by an image 
processing device to convert image data into image formation 
data to be supplied to the image formation device. 
2* Description of Related Art 

Conventionally, to produce desired images using an 
image formation device, a calibration data setting device 
sets tone characteristic data, such as calibration data, to 
convert original tone levels (Image data) into input tone 
levels (image forming data), and inputs the input tone 
levels to the image forming device. Based on the converted 
input tone levels, the image formation device produces the 
desired images whose tone levels properly match with the 
original tone levels. The calibration data is preset 
according to an image forming characteristic of the image 
formation device. 

SUMMARY OP THE INVENTION 
If one set of calibration data is fixedly sat for 

being used to convert Image data into Image formation data, 

however, images formed by the image forming device may 
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differ from the desired image when the Image formation 
characteristic of the image forming device changes, for 
example, due to changes in the ambient environment. 

It is further noted that the user can normally select 
a variety of image formation conditions . upon which the 
image forming device is to be driven. Examples of the image 
forming conditions include: type of recording medium, type 
of image forming material, and the recording format used 
when forming images. Examples of recording medium types 
include normal recording sheets, coat or glossy sheets that 
have the surface processed * and overhead projector film. 
Examples of image forming materials include standard Ink and 
photoink. Examples of recording format includes Bayer type 
dither pattern and spiral type dither pattern. Thus, the 
user can select his/her desired image forming conditions and 
can control the image formation device to form his/her 
desired image with the selected image forming conditions. To 
insure that the image forming device can produce the best 
image for each set of image forming condition , a separate 
calibration data is preferably set for each different set of 
image forming conditions. 

Additionally, if wrong calibration data is produced 
during the calibration data setting operation and is stored 
in a data file, then it becomes impossible to obtain correct 
calibration data from the data file. Also, if the data file 



itself is damaged for some reason, then In this case also, it 
is impossible to obtain correct calibration data from the 
data file. When one of these situations arises, printing 
could not be performed until correct calibration data is 
obtained . 

In view of the above -described drawbacks, it is an 
objective of the present invention to overcome the above- 
described problems and provide an improved tone 
characteristic data setting device that can simply and 
accurately set tone characteristic data, such as calibration 
data, which is to be used for converting image data into 
image formation data to be supplied to the image formation 
device . 

The improved tone characteristic setting device enables 
a user to simply and accurately judge whether tone 
characteristic data needs to be updated, can easily set tone 
characteristic data that properly matches the user's newly 
set image forming condition, or can set allowable tone 
characteristic data even when proper, correct tone 
characteristic data is not obtained. 

In order to attain the above and other objects, the 
present invention provides a tone characteristic setting 
device for setting tone characteristic to be used for 
converting original tone data into input tone data to be 
supplied to an image formation device, the tone 
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characteristic setting device comprising! a memory storing 
data of tone characteristic of an image formation device: a 
test chart production control unit that controls the lfflage 
formation device to produce a test chart; a condition 
preparing unit preparing a condition for setting tone 
characteristic based on either one of the tone characteristic 
data stored in the memory and actual tone characteristic 
indicated by the test chart produced by the image formation 
device; and a characteristic setting unit setting tone 
characteristic based on the condition prepared by the 
condition preparing unit. 

In the tone characteristic data setting device, a tone 
characteristic production operation may be performed to input 
data of a plurality of input levels to an image formation 
device to control the image formation device to produce a 
plurality of tone patches, to control a tone measurement 
device to measure tones of the plurality of tone patches and 
to produce data of a plurality of output levels indicative of 
the measured tones of the tone patches, and to produce the 
tone characteristic data based on relationship between the 
output levels and the corresponding input levels. 

Information including the produced tone characteristic 
data may be stored in a data file. In this case, the 
condition preparing unit stores the data file, thus prepared 
during some tone characteristic production operation, while 



maintaining a preserved data file that Is prepared separately 
from the data file. When desiring to control the image 
formation device to form images* the character-is tie setting 
unit may perform a control on the image formation device 
based on Information retrieved from the data file. When 
necessary , the characteristic setting unit executes control 
of the linage formation device based on other Information that 
is retrieved from the preserved data file. 

The preserved data file may Include another data file 
that has been produced by the system during another tone 
characteristic production operation that is conducted prior 
to the present tone characteristic production operation and 
that Is maintained in the memory when the tone characteristic 
is updated into the newly-produced data, file during the 
present .tone characteristic production operation. 

Alternatively, the preserved data file may Include a 
standard data file that has been produced by the system 
during a tone characteristic production operation that is 
conducted before the tone characteristic setting device Is 
shipped from a manufacturer and that is maintained In the 
memory even when the tone characteristic is updated Into the 
newly- produced data file. 

Even when error exists in the newly -produced data file 
and therefore correct tone characteristic data may not be 
obtained from the newly-produced data file, it is unnecessary 



to again try executing the tone characteristic production 
operation to produce correct tone characteristic data. When 
the user desires to perform image formation immediately after 
starting executing the tone characteristic production 
operation, the system can stop the present tone 
characteristic producing operation, but can perform the image 
formation operation using the reserved data file. 

It is likely that a long time has elapsed after the 
reserved data file has been produced. Accordingly, It is 
probable that the preserved data file Includes data that 
falls to accurately indicate the present characteristic of 
the Image formation device. However, the preserved data file 
does not include any data that makes error in the image 
forming operation by the Image formation device. Accordingly, 
the image formation device will perform image forming 
operation with data in the preserved data file. The system 
of the present invention is therefore preferable in 
comparison with such a system that may not perform any image 
forming operation until correct tone characteristic data is 
produced. 

It Is noted that only one data file may be retained 
when a newly- produced data file is produced. Or, two or more 
data files may be retained when a newly-produced data file is 
produced. The maximum number of data files retainable in the 
memory can be set in the case where two or more data files 



are retained. It may be possible to optionally select 
whether or not to retain data file(s) when setting the newly- 
produced data file in the memory. When a plurality of data 
files are retained, it may be possible to optionally select 
one of the data files as a preserved data file for use. For 
example, one data file that has been produced most recently 
may be automatically selected as a preserved data file. When 
needed, the user can designate another data file as a 
preserved data file. 

Each data file may include data indicative of various 
image forming conditions, such as model type data, ink type 
data, medium type data, image formation resolution data, and 
image formation speed data. It is noted that the model type 
data may indicate all the different models as different 
models. Or, the model type data may Indicate, as the same 
model, several different models that have the same 
characteristics. The ink type data Indicates the type of 
coloring material. The m 0 *"* 11 ™ type data Indicates the type 
of medium. The resolution data indicates the number of dots 
formed per a unit length, such as one inch. The image 
formation speed data indicates whether the image forming 
device is in a normal speed image forming mode or a high 
speed image forming mode. Each condition data can be 
prepared as a predetermined code, a predetermined character 
string, or a predetermined numerical value. 
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in this case, the condition preparing unit may store a 
plurality of data files whose conditions axe partly different 
from one another. Normally, in order to perform image 
forming operation with the image forming device, the setting 
unit selects one data file that matohes an image forming 
condition actually set in the image forming device. Using 
data retrieved from the selected data file, control is 
attained onto the image forming device. When repaired, 
however, it is possible to select one data file among other 
data files that do not match the actual condition of the 
image forming device. In such a case, according to a 
priority predetermined to the several conditions, the system 
selects one data file whose characteristic is deemed to be 
near to the present condition. Using data retrieved from the 
thus selected data file, control is attained onto the Image 

forming device. 

Even if those data files that are prepared for 
conditions, different from the present condition, have data 
that fails to accurately indicate the present characteristic 
of the linage forming device, those data files have the same 
data structure, and therefore can control the image formation 
device to perform image forming operation. 

When a plurality of image formation devices of the 
same type are included in the system, a oata file may be 
prepared and stored in correspondence with each image 



formation device. In suoh a case, when necessary, one image, 
formation device can be controlled using a data file that is 
not for the subject image formation device but that is for 
another image formation device, but of the same model. It is 
noted that a data file prepared for each image formation 
device shows the characteristic of the Image formation 
device's own. Thus, a data file prepared for one image 
formation device will probably fail to accurately indicate 
tone characteristic of another image formation device. 
However, the difference between characteristics indicated by 
those data files are considered small because those data 
files are prepared for the image formation devioee of the 
same model. 

The condition preparing unit may prepare a plurality 
of standard data sets and a plurality of standard tone 
characteristic data Bets. 

For example, the condition preparing unit stores a set 
of test data controlling the image formation device to form a 
test chart whose color characteristic is to be measured by 
the tone measurement device. The plurality of standard data 
sets correspond to a plurality of sets of color measurement 
data that are to be obtained by the tone measurement device 
from the test chart if the Image formation device is 
controlled to produce the test chart using the set of test 
data. The plurality of sets of standard tone characteristic 
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data correspond to the plurality of sets of the standard data. 

In this case, the characteristic setting unit outputs, 
in response to an instruction from an outside, the test data 
to the image formation device, receives tone measurement data 
from the colorimeter that measures the test chart, compares 
the tone measurement data with each set of standard data and 
specifies one proper set of standard data based on the 
comparing result, and retrieves one set of standard tone 
characteristic data that corresponds to the retrieved set of 
standard data, and stores the retrieved set of standard tone 
characteristic data as tone characteristic data that is to be 
used thereafter for converting original image data (original 
tone data) into image formation data (input tone data) to be 
supplied to the image formation device. 

Thus, no complicated calculation operation is 
necessary* It takes only a short period of time to set the 
tone characteristic data. 

In order to compare the tone measurement data with the 
standard data, it is possible to compare color differences 
between the respective tone measurement data and the 
corresponding standard data, each color difference being 
indicated by a color distance In an Lab color space defined 
according to the Lab colorlmetrlc system (CIE 1976). The 
device retrieves one set of standard tone characteristic data 
that corresponds to one set of standard data that has the 
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smallest color difference. The retrieved standard tone 
characteristic data is set as tone characteristic data. 

Instead of comparing the color differences between the 
tone measurement data and the standard data, it is possible 
to compare density differences between the tone measurement 
data and the standard data. 

It is noted that the thus e imply- selected standard 
tone characteristic data may possibly deviate from an optimum 
value that is accurately indicative of the present 
characteristic of the image formation device. However, by 
storing the standard data and the standard tone 
characteristic data as many as possible by considering all 
possible conditions the user may desire in the image 
formation device, it is possible to set accurate tone 
characteristic data even by simply selecting one set of 
standard tone characteristic data. 

It may be possible to store a plurality of sets of 
test data that correspond to a plurality of types of tone 
measurement devices. The user can control the device to set 
tone characteristic data by using his/her own tone 
measurement device. The user does not need to purchase any 
new tone measurement device. Increase of costs by the user 
can be prevented. 

It is noted that the tone measurement data obtained by 
the tone measurement device may Include i data Indicative of 
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coordinates of positions of the respective patches (or patch 
numbers) produced by the test data, and data Indicative of 
hue. lightness, and saturation of color reproduced on the 
color patches. In order to allow the device to compare the 
standard data with the tone measurement data, the standard 
data preferably has the same data format as the tone 
measurement data. 

Generally, tone measurement data obtained by the tone 
measurement device, such as a colorimeter, has numerical 
values indicative of hue. lightness, and saturation defined 
in some colorimetric system, such as the X3fZ colorimetric 
system (CIE 1931 colorimetric system) or the Lab colorimetric 
system (CIE 1976 oo lor ime trie system). Because tone 
measurement data has such numerical values, the standard data 
has to be prepared to have numerical values, too. 

For example, it is preferable to set standard data in 
a manner described below. 

Test image data Is supplied to the image formation 
device in a plurality of image forming characteristics, 
thereby allowing the image formation device to form tone 
images on an image recording medium. The colorimeter is 
controlled to measure the tone images to obtain a plurality 
of sets of output levels. A plurality of sets of standard 
data are set based on the thus obtained plurality of sets of 
output levels. Based on the relationship between the test 
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image data and the plural sets of output level data, a 
corresponding plurality of sets of standard tone 
characteristic data are further determined. 

Using the thus produced standard data sets. It is 
possible to easily compare , with the standard data sets, tone 
measurement data that is obtained when the colorimeter 
measures the test chart. Additionally, beoause each standard 
tone characteristic data set and a corresponding standard 
data set are produced in association with one another, they 
may be simply stored together In the device. 

Because color values in the XYZ colorimetrlc system 
(CIS 1931) are able to be converted into color values in 
other colorimetrlc systems, such as the Lab colorimetrlc 
system (CIS 1976), it is preferable to prepare the standard 
data as defined in the XxZ colorimetrlc system. The standard 
data may be converted into any optional colorimetrlc system 
that corresponds to the tone measurement data obtained by the 
measurement device. It is possible to prevent increase of 
data storage amounts. 

It is sufficient that an average value of the tone 
measurement values for all the tone patches be calculated and 
compared with a single value in each standard data set. In 
this case , it is sufficient that the memory stores only a 
single average value as each standard data set. Only one 
comparing operation is needed to compare the measured average 
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value with the standard data. It takes a shorter time than 
comparing all the patch -measurement data with the 
corresponding standard data. 

Intermediate tone can deviate easily according to even 
slight changes in the characteristic of the image formation 
device. Each of the color difference and the density 
difference, between the measurement data and the standard, 
data, will easily appear in the intermediate tones. It is 
also possible to prevent occurrence of similar values in the 
color or density differences, according to the change in the 
Image formation device characteristic. It is possible to 
easily specify one set of standard data that is appropriate 
for the characteristic of the image formation device and for 
the Image forming condition employed by the image formation 
device . 

The condition preparing unit may control the Image 
formation device, using observation test data, to produce an 
observation test chart to be visually observed by a user. In 
response to the user's observation of the observation test 
chart, the characteristic setting unit determines to performs 
operation to set or update the tone characteristic. 

For example, when instructed from outside, the 
condition preparing unit converts the observation test data, 
according to presently-set tone characteristic data, into 
image formation data, and outputs the image formation data to 



the Image formation device. The Image formation device is 
controlled to produce several image regions in ite single 
image formation area of the observation test chart by 
changing image forming material or a composition of the image 
forming material. 

The user can visually observe the color pattern on the 
observation test chart, and determine whether or not it Is 
necessary to update the presently- set tone characteristic 
data. The user can therefore perform the tone characteristic 
data setting operation only when updating is necessary. The 
user can perform the judgement operation to determine whether 
or not it is necessary to update the tone characteristic data, 
simply by inputting his/her instruction to produce the test 
chart* The user is not urged to perform complicated 
operations. Work efficiency is not lowered. 

The user will judge similarity in color between the 
several image regions on the test chart. The user will judge 
whether or not he/she can visually recognize some figure 
pattern of characters or symbols on the observation test 
chart. Or, the user will judge similarity in color between 
the several image regions that are defined to indicate some 
figure pattern of characters or symbols. 

There is an image formation device such as a color 
printer that forms color images on a recording medium by 
using four image formation materials, such as black ink, cyan 



ink, magenta ink, and yellow ink. When mixing the cyan, 
magenta, and yellow Ink or laying the cyan, magenta, and 
yellow Ink one on another, color the same as or similar to 
black Ink can be obtained. In the observation test chart, 
therefore, the device may produce a black color pattern using 
black ink only and may produce a mixed color pattern using 
cyan, magenta, and yellow Ink so that both patterns are 
located next to each other with a boundary therebetween. 
When the amounts of at least one of the black, cyan, magenta, 
and yellow ink used In each pattern change , a oolor 
difference occurs between the respective Image patterns. The 
color difference can be properly confirmed visually by the 
user. When the observation test chart has the K- color region 
and the CMY mixed- color region, especially when these regions 
are produced to present Intermediate tones, the oolor 
difference will appear great for even a slight change in the 
characteristic of the Image formation device. Thus, the user 
can easily and reliably confirm whether nor not updating is 
necessary by the visual observation of the test chart. 

An observation test chart may be produced every time 
the tone characteristic setting device is powered on. Even 
when image formation is performed immediately after the 
setting device is powered ON. it is possible to prevent the 
setting device from causing the Image formation device to 
produce improper colors due to unstable condition of the 
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image formation device. 

It is noted that the tone characteristic setting 
device may preferably be incorporated, into a computer system, 
together with an image processing portion for converting 
original tone data into input tone data to be supplied to the 
Image formation device. The computer system is comprised 
from a personal computer, a monitor, a key board, a mouse, 
and etc. In this case, the monitor is used to display an 
indication to urge the user to select a desired colorimeter, 
and the keyboard or the mouser is used to select and input 
the user's selection. It is possible to successively perform 
all the processes including: selection of parameters , 
calculations, output of test image data, input of color 
measured results, and calculation of tone characteristic data. 

The tone characteristic device can be incorporated 
into an image formation device such as a printer or a display. 
In this case, the selection unit such as a monitor . a 
selecting button, and the like has to be incorporated into 
the image formation device* When the tone characteristic 
device is incorporated into the image formation device, a 
test chart can be produced immediately. 

The tone characteristic setting device can be 
constructed as a system for exclusively producing tone 
characteristic data. However, the system can be constructed 
from a general-use computer system. In this case, a data 
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recording medium storing a tone characteristic data setting 
program is provided, and the program Is retrieved from the 
data recording medium and installed into the computer system. 

That is, the present invention provides a data 
recording medium storing a tone characteristic setting 
program for being read by a computer system to control the 
computer system to set tone characteristic data of an Image 
formation device, the computer storing data of tone 
characteristic of the Image formation device, the program 
comprising: a program controlling the Image formation device 
to produce a test chart: a program preparing a condition for 
setting tone characteristic based on either one of the tone 
characteristic data stored In the memory and actual tone 
characteristic indicated by the test chart produced by the 
Image formation device; and a program setting tone 
characteristic based on the prepared condition. 

For example* a data recording medium storing first and 
second programs described below may be provided, and the 
programs are retrieved from the data recording medium and 
Installed into the computer system. The first program 
includes a program for controlling a computer to perform a 
tone characteristic production/ storage operation t to Input 
data of a plurality of Input levels to an Image formation 
device to control the image formation device to produce a 
plurality of tone patches; to control a tone measurement 
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device to measure tones of the plurality of tone patches and 
to produce data of a plurality of output levels indicative of 
the measured tones of the tone patches? to produce tone 
characteristic data based on relationship between the output 
levels and the corresponding Input levels j and to store 
information Including the produced tone characteristic data 
in a data file. The second progr am includes a program for 
controlling, when desiring to form Images, the computer to 
perform image formation control operation onto the Image 
formation device based on information retrieved from the data 
file and to perform Image formation control operation onto 
the image formation device, when necessary , based on other 
information that is retrieved from a preserved data file that 
is prepared separately from the data file. 

The preserved file may include i a data file remained 
when the data file is updated into a new date file, a data 
file prepared before the tone characteristic setting device 
Is shipped from a manufacturer, a data file that is prepared 
for conditions, a part of which is different from the 
conditions for the main data file, or a data file prepared 
for an image formation device of a different type. 

Both of the first and second programs are stored in 
the data recording medium that can be read by the computer 
system. It is, however, unnecessary that both of the first 
and second programs be stored in the same data recording 
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medium. It is now assumed that a data recording medium 

storing the first program and another program has already 

been supplied to a computer system. In such a case, another 

data recording medium storing the second program only can be 

supplied to the computer system. Because the flxst program 

is already supplied to the computer system, it is sufficient 

to supply the computer system with the data recording medium 

that stores the second program only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 

the invention will become more apparent from reading the 

following description of the preferred embodiments taken in 

connection with the accompanying drawings in which i 

Fig. 1 Is a blocX diagram showing a printing system 

according to a first embodiment of the present invention; 

Fig. 2(a) is a schematic view showing a data structure 
in a calibration file; 

Fig. 2(b) is a schematic view showing a data structure 
of calibration data in the calibration file of Fig. 2(a); 

Fig. 3(a) is o flowchart representing a calibration 
file preparation routine according to the first embodiment; 

Fig. 3(b) shows how color patches are arranged in a 
test chart; 

Fig. 3(c) is a graph indicative of a relationship 
between input tone levels Din and output tone levels Dout 
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for each color; 

Fig. 4 Is a flowchart representing a printing routine; 

Fig. 5 is a block diagram showing essential components 
of a personal computer according to a second embodiment of 
the present invention: 

Fig. 6(a) is a schematic view showing a data structure 
of test chart data which is stored in the personal computer 
of Fig. 5; 

Fig. 6(b) shows how color patches are arranged in a 
test chart printed according to the test chart of Fig. 6(a); 

Fig. 7(a) is a schematic view showing how a plurality 
of standard data sets are stored In the personal computer of 
Fig. 5; 

Fig. 7(b) is a schematic view showing a data structure 
of each set of standard data shown in Fig. 7(a); 

Fig. 7(c) is a schematic view showing how a plurality 
of standard calibration data sets are stored in the personal 
computer of Fig. 5; 

Fig. 7(d) Is a schematic view showing a data structure 
of each set of standard calibration data shown In Fig. 7(c); 

Fig. 8 is a flowchart representing a calibration data 
setting routine according to the second embodiment; 

Fig. 9 Is a schematic view showing a data structure of 
a set of color measurement data obtained from a colorimeter 
during the calibration data setting routine of Fig. 8; 



Pig. 10 is a flowchart representing a printing routine 
according to the second embodiment: 

Fig. 11(a) is a schematic view showing a data 
structure of each set of standard data according to a 
modification 1 for the second embodiment; 

Pig. 11(b) is a schematic view showing a data 
structure of a set of color measurement data obtained from a 
colorimeter according to the modification 1 for the second 
embodiment ; 

Fig. 12 is a block diagram showing essential 
components of a personal computer according to a third 
embodiment of the present invention; 

Fig. 13 shows an observation test chart printed 
according to the third embodiment; and 

Fig. 14 is a flowchart representing a calibration data 
setting routine according to the third embodiment. 

nRTAlLKD DESCRIPTION O F THE PREFERRED EMBODIMENTS 

A tone characteristic setting device according to 
preferred embodlinents of the present Invention will be 
described while referring to the accompanying drawings 
wherein like parts and components are designated by the same 
referenoe numerals to avoid duplicating description. 

First, a tone characteristic data setting device 
according to a first embodiment will be described below. 

The first embodiment is provided to enable setting of 
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allowable tone characteristic data even when correct tone 
characteristic data is not available. 

A print system that includes a tone characteristic 
data setting device according to the present embodiment will 
be described below with reference to Figs, l through 4. 

Fig. x shows the printing system 10 that includes a 
personal computer 1, a printer 2. and a colorimeter 3. The 
personal computer 1 and the printer 2 are connected by an 
interface cable 4 for enabling transmission of data between 
the personal computer 1 and the printer 2. Also, the 
personal computer 1 and the colorimeter 3 are connected by 
an interface cable 5 for enabling transmission of data 
between the personal computer 1 and the colorimeter 3. 

The personal computer 1 includes: a CPU 11. a ROM 12 , 
a RAM 13. a hard disk device 14, a printer interface 15, a 
colorimeter interface 16, and a display 17. All these 
components are connected together via a bus 18, and 
therefore are capable of exchanging data via the bus 18. 

The CPU 11 is for controlling various components and 
performing various calculations according to a variety of 
programs that are stored in the ROM 12 and according to 
another variety of programs which are retrieved from the 
hard disk device 14 and stored in the RAM 13 temporarily. 
The ROM 12 is a read only memory and stores a variety of 
programs, such as various application programs, and data 
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that does not need to be re-written. The RAM 13 Is a random 
access memory that can be re-written as desired. In 
addition to the variety of programs retrieved from the hard 
disk device 14 . the RAM 13 stores data obtained by the 
variety of calculations performed by the CPU 11, The hard 
disk device 14 is an auxiliary memory that stores, as files, 
data and programs that are not constantly stored in the main 
memories such as the ROM 12 and the RAM 13. 

In the present embodiment , the ROM 12 stores therein a 
variety of programs, such as an image formation program (Fig, 
4) and a calibration data preparing program (Pig. 3(a)) that 
are to be executed by the CPU 11. When executing the image 
formation program of Fig. 4 r the CPU 11 receives original, 
tone level data (original pixel data) D orlglMl (where D - c, 
M, Y, K) from an upper rank program such as some application 
program. The CPU 11 then converts the original tone level 
data Dorigmai (where D - C, M. Y r K) into input tone level 
data (print pixel data) Din (where D - C, M. Y, K) . The CPU 
11 performs this conversion in accordance with commands 
Inputted from an external source and based on calibration 
data (Fig. 2(b)) which is stored in a calibration data file 
50 in the HDD 14. The CPU 11 supplies the input level data 
Din (where D « C. M, Y, K) to the printer 2, whereupon the 
printer 2 prints images on a desired recording sheet. 

The CPU 11 executes the calibration data preparing 
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program (Fig. 3(a)) to produce a calibration file 50 to be 
stored in the HDD 16. In the calibration data preparing 
process (Fig. 3(a)), the CPU 11 first controls the printer 2 
to print a test chart. The CPU 11 than controls the 
colorimeter 3 to measure colors of the printed test chart. 
Based on color measurement data received from the 
colorimeter 3, the CPU 11 calculates a calibration file 50. 

The printer interface 15 per forms data transmission In 
both directions between the printer 2 and the personal 
computer 1 according to a special transmission protocol 
agreed upon by the personal computer l and the printer 2. 
Similarly, the colorimeter interface 16 transmits data both 
ways between the personal computer 1 and the colorimeter 3 
according to another special transmission protocol agreed 
upon the personal computer 1 and the colorimeter 3. The 
display 17 displays a variety of data in a manner that can 
be visually recognized by the user of the present system. 

The printe r 2 includes an ink jet printing unit 21 and 

a personal computer interfac e unit 22. The in k jet printing 
unit 21 executes color printing based onp rint data Din 
(where D = C, M, Y , KK^Jjpay^ed from the personal comp uter 
1, using four different colors of ink, that is, cyan, 
magenta, yellow, and black. The ink jet printing unit 21 
can execute multi-level tone printing having 256 tone levels 
for each color. The PC Interface 22 transmits data between 
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the printer 2 and the printer interface 15. 

The colorimeter 3 includes a retrieval unit 31 and a 
PC interface 32. The retrieval unit 31 measures intensity 
of light transmitted through or reflected from an object 
being measured. The retrieval unit 31 divides the colors of 
the subject of measurement into four primary colors ( cyan ( M ) , 
magenta (M) , yellow (Y), and black (K) ) , and outputs the 
tone of each primary color as color measurement data Dout 
(where D - C, M, y, K) . in the following explanation, the 
act of actually measuring tone in the subject of 
investigation and obtaining color measurement data will be 
referred to as measuring tone level or measuring color. The 
PC interface 32 is for transmitting data between the 
colorimeter 3 and the colorimeter interface 16. 

It is noted that a calibration data file 50 is 
prepared in the hard disk device 14 when the calibration 
file preparation routine (Fig. 3(a)) is executed. As shown 
in Fig. 2(a), a variety of Information, such as printer 
model region dl, ink type region d2, media type region d3, 
print resolution region d4, print speed region d5, and four 
sets of calibration data regions d6 to d9 are stored in the 
calibration data file 50. 

The pr lnjer_mod^_rje^iQn_ dl stores a cofle_ _that^lg 
di fferent for each different recording method, such as ink 
jet pr inting and laser printing. The Ink type region d2 
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stores a code representing a type of coloring agent, suoh as 
pigment ink, dye ink, or toner. The media type region d3 
stores a code representing a type of media used for printing, 
such ae normal paper, a glossy paper, or resin film. The 
print resolution region d4 stores numerical data 
representing the number of dots to be printed per inch. The 
print speed region d5 stores a code representing printing 
speed, such as normal speed printing or high speed printing - 
The calibration data regions d6 to d9 correspond to 
the respective colors (cyan, magenta, yellow, and black). 
Each calibration data region d6 - d9 stores one set of 
calibration data for a corresponding color. Each set of 
calibration data includes 256 sets of numerical data. The 
total 256 sets of numerical data respectively indicate input 
levels Din (where D - C, M, Y, K) which should be inputted 
to the printer 2 in order to allow the printer 2 to actually 
print tones that match original tone levels Doriginmi (where D 
- C, M. Y, K) of 0 - 255 that can be received from an upper 
rank program. 

In each set of calibration data, as shown in Pig. 2(b), 
the 256 numerical values Din (where D *= C, M. Y, K) are 
located at positions from a 0-th location to a 255-th 
location in association with corresponding original tone 
levels Dorigmai (where D « C, M. Y, K) of 0 to 255. The 
calibration data indicates that each tone level D mgVM 2. will 
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be reproduced when a corresponding value Din is supplied to 
the printer 2. 

During the image formation process of Pig. 4, when the 
CPU li receives , from soma upper rank program, an original 
tone level Corigm.i of "200," for example, the CPU 11 
retrieves one numerical data Cln from the 200-th location in 
the calibration data region d6, and supplies the retrieved 
data Cin to the printer 2. As a result, the printer 2 will 
print a tone that actually has a tone level substantially 
the same as the original tone level C«r±g±n»i of "200" if it 
is measured. 

With the above -described structure, the printer system 
10 prepares the calibration data 50 by executing the 
calibration file preparation process shown in Fig. 3(a). 

The calibration file preparation process is performed 
when the CPU 11 executes the calibration file preparation 
program stored in the ROM 12, 

When the calibration file preparation process is 
started, first in S101. the CPU 11 performs operations to 
enable the user to select printer characteristics. At this 
time, the CPU 11 controls the display 17 to display 
categories relating to printer characteristics. In the 
present embodiment, the display 17 displays five categories, 
in total, of printer type, ink type, media type, print 
resolution, and print speed. Bach category includes a 
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plurality of preset selections so that the user can select a 
single optional selection from the plurality of selections. 

Next, in S102, the printer 2 is controlled to produce 
a test chart by printing a plurality of color patches which 
are needed for measuring tone levels. More specifically, 
the CPU 11 first prepares input level data or print data Din 
(where D = C. M. Y, K) for the test image and transfers the 
input level data to the printer 2. In this example, the CPU 
11 prepares input level data for printing 17 color patches 
with cyan tone levels Cin of 0, 16. 32, 48. 64, 80, 96, 112 , 
128, 144, 160, 176, 192, 208, 224. 240, 255, 17 color 
patches with magenta tone levels Kin of 0, 16, 32, 48, 64, 
80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 255, 17 
color patches with yellow tone levels Yin of 0. 16, 32, 48, 
64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 255, 
and 17 color patches with black tone levels Kin of 0, 16, 32, 
48, 64, 80, 96, 112, 128, 144, 160, 176. 192, 208, 224, 240, 
255. 

Receiving the print data, the printer 2 produces a 
test chart by printing a plurality of color patches as shown 
in Fig. 3(b). In the teat image, four rows of patches are 
printed, one row corresponding to each different color ink, 
cyan, magenta, yellow, and black. Each row includes 
seventeen patches with different tones Din (where D « C, M, 
Y. K) of corresponding color, that is, 0, 16, 32, 48, 64, 80, 
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96, 112, 126. 144, 160, 176, 192, 208. 224, 240. 255. Thus. 

in each row, adjacent patches are separated by about 16 

levels of tone. Bach patch is a square pattern having a 

sufficient surface area to enable the colorimeter 3 to 

measure the tone level of each patch. 

In S103, the colorimeter 3 Is used to measure a tone 

level of each patch printed In S102. The order in which 

patches are measured Is predetermined so that first all cyan 

patches, then all magenta patches, then all yellow patches, 

and finally all black patches are measured in this order. 

The patches in each color are measured from the lowest tone 

level "0' up to the highest tone level "255". Thus, the 

colorimeter 3 successively produces color measurement data 

(output tone levels) Dout (where D - C, M, Y, K) indicative 

of the measured tone levels, and successively transmits the 

color measurement data Dout In the same order to the 

computer 1. 

In S104, the CPU 11 prepares calibration data for 
each color. 

That is, when the CPU 11 receives output tone levels 
Dout for all the 68 patches, the CPU 11 first performs, for 
each color, interpolation between the seventeen output 
levels Dout to determine all the tone levels that should be 
obtained by the printer 2 in response to all the 256 input 
levels Din (where D - C, M, Y, K) of *0* to '255'. More 
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specifically, because output levels Dout are obtained only 
for input levels Din of 0, 16. 32, 48. 64, 80, 96. 112, 12B, 
144, 160, 176, 192, 208, 224, 240, 255, output levels Dout 
for other Input levels 1 - 15 , 17 - 31 , 33 - 47 , 49 - 63 , 65 
- 79, 81 - 95, 97 - 111- H3 - 127, 129 - 143, 145 - 159, 
161 - 175, 177 - 191, 193 - 207. 209 - 223, 225 - 239, and 
241 - 254 are estimated by interpolating between the 
obtained output levele Dout. Once output levels Dout have 
been completely obtained in correspondence with all the 
input levels Din (where D = C, M, Y. K) of 0 - 255 for each 
color, the relationship between all the input levels Din, 
applied to the printer 2. and the corresponding output tone 
levels Dout. reproduced by the printer 2, are obtained as 
shown in the graph of Fig. 3(c). 

Based on the thus determined Din~Dout relationship, 
the CPU 11 further calculates, for each color, which input 
level Din (where D - C, M. Y. K) should be applied to the 
printer 2 in order to reproduce each of the 256 output tone 
levels Dout of 0 - 255. As a result. 256 input levels Din 
(where D - C. M, Y. K) are determined, for each color, as a 
value that is capable of controlling the printer 2 to 
reproduce the respective tone' levele Dout of 0 - 255. 

Then, under the assumption that a tone level Dout 
obtained by the printer 2 has a linear relationship with an 
original tone level Dongm*! (where D * C, M« Y. K) to be 
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supplied from any upper rank program, the CPU 11 arranges 
the 256 numerical values Din that should be applied to the 
printer 2 to reproduce the tones Dout of 0 - 256, in 
correspondence with 256 original numerical values D orlglnal of 
0 - 255 as shown In Fig. 2(b), Thus, four sets of 
calibration data are prepared respectively for the four 
colors (cyan, magenta, yellow, and black). 

It should be noted that the method of determining data 
by Interpolating between the 17 output levels Dout are 
optional. For example, linear interpolation can be used to 
determine an output value Dout between two adjacent points 
using output levels Dout at the two adjacent points. Or, 
interpolation may be performed using a curve of the second 
order. In this case, an approximate expression that appears 
the most appropriate can be determined using the least 
square method by using additional points other than the 
adjacent points. 

Once the calibration data has been completely prepared, 
then the program proceeds from S104 to S105 (Fig. 3(a)). 

In S105. it is checked whether or not a calibration 
file 50 already exists in the HDD 14 for the same printer 
characteristic. If some calibration file already exists in 
the HDD 14 (SlOSiYES), then In S106, the file name of the 
already- existing calibration file is changed to a different 
file name In order to retain this already- existing 
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calibration file. At this time, separate file name can be 
automatically set according to a prescribed rule or can be 
optionally set by the user. 

In S107, the four sets of calibration data prepared 
during processes in S104 and the printer characteristic 
selected in the processes in S101 are stored together as a 
new calibration file 50 as shown in Fig. 2(a). At this time, 
the file name of the new calibration file can be 
automatically set according to the prescribed rule or can be 
set optionally by the user. 

Next, printing processes , which are executed by the 
CPU 11 according to a printing program stored In the ROM 12, 
will be explained while referring to Fig. 4. When the 
printing process is started, in S201 the CPU 11 urges the 
operator to select a printer characteristic that the 
operator wishes to use. In other words, in S201, the CPU 11 
displays five categories , relating to printer 
characteristics, on the display 17. The five categories are 
printer type, lnx type, media type, print resolution, and 
print speed. Several options are prepared beforehand for 
each category. The operator selects a single desired option 
from the plurality of options for each category. 

In S202. the CPU 11 checks whether or not there exists, 
in the HDD 14, a usable, correct calibration file 50 that 
properly matches the printing characteristics selected In 



34 



S201. It is noted that the actual method used to check In 
S202 can he optionally selected. In this example, 
information relating to printing characteristic is stored 
within each calibration file 60, at its data regions dl - d5, 
as shown in Fig. 2(a). Accordingly, in S202, the CPU 11 may 
open up the calibration files 50 in a suitable order , such 
as by an order of file name or by order of the last updated 
date, and retrieve the printer characteristic from each file. 
Once the CPU 11 discovers the file that matches the printer 
characteristic selected by the processes in S201, then in 
S202 the CPU 11 can determine that a usable, correct 
calibration file exists (S202:YES). 

It is noted that as an alternative method, information 
relating to a printer characteristic, that is, data in 
regions dl - d5 can be extracted beforehand from all the 
existing calibration files 50 to prepare a list that shows a 
printer characteristic in correspondence with each file name. 
If such a list file exits , then by merely opening up this 
list file, the CPU 11 can determine in S202 whether or not 
any usable, correct calibration file exits. 

As a further alternative method, a unKjue file name 
that represents the printer characteristic in the data 
regions dl - d6 can be appended to each calibration file* 
With this configuration, by merely checking the file name in 
S202, the CPU 11 can determine whether any usable, correct 



calibration file exists or not. 

In S202, if it is determined that a usable correct 
calibration file exists (S202:YES). then in S203 calibration 
data is retrieved from the correct calibration file. On the 
other hand, when no correct calibration file exists 
(S202:NO), then in S204. calibration data is retrieved from 
a reserved file. 

Examples of the reserved file include: 1) calibration 
files retained at the time a new calibration file is updated, 
that is, the files retained in the process of S106, 2) a 
calibration file (standard calibration file) provided in the 
printing system 10 when the printing system is shipped from 
the factory, 3) a calibration file that does not match, 
only in one single condition, with the user's selected five 
conditions of printer type, ink type, media type, print 
resolution, or print speed, or 4) calibration file prepared 
for a different printer than the printer 2 , but for a 
printer of the same model with the printer 2. 

These calibration files 1) to 4) may possibly store 
calibration data that does not strictly match the present 
tone characteristic of the printer 2. However, these 
calibration files do not include data that makes printing 
impossible. Therefore, when no usable correct calibration 
file exists, then using such reserved file instead of a 
correct calibration file, a situation wherein printing 
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cannot be performed can be avoided. 

The printing system 10 can store any single one or two 
or more of the above-described reserved files 1) to 4). If 
two or more reserved files are used, then configuration 
should be provided that allows the user to select which 
reserved file is to be used. Alternatively, the reserved 
files could be set in a order of priority, for example, 1, 2, 
3, 4, can be appended to the reserved files and the reserved 
files are automatically used starting from the highest 
priority in the priority order. 

In some cases, a plurality of reserved files that are 
categorized as the same type can exist in each reserved file 
type of 1) to 4). in this case, which reserved file is used 
can be optionally designated among the plurality of reserved 
files that are categorised as the same type. Alternatively, 
a suitable order of priority can be set to the reserved 
files that are categorized as the same type and the reserved 
file with the highest priority in the order of priority can 
be automatically used. 

As an example of the order of priority, for example, 
in the case of reserved file type 1 ) , by setting the order 
of priority so that the data files with the most recent 
preparation date have a highest priority, then it is highly 
probable that calibration data near the present condition of 
the printer will be obtained. Also, with the reserved file 
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type 3), first files with only a different speed are 
searched for and if no such files are found, then files with 
only a different print resolution are searched for. In this 
way, files with only different media type, ink type, and 
printer model type are searched in this order until such a 
file is found. By setting order of priority to how these 
reserved files are searched for in this manner, then there 
is a high probability that calibration data quite close to 
the present condition of the printer can be obtained. 

Once calibration data is retrieved during processes of 
either 5203 or S204, then in S205 original tone levels 
Doriginai (where D - c, M. Y, K) included in image data, 
received from an upper rank program, are converted into 
input tone levels (print data) Din (where D « C, M, Y„ K) , 
to be applied to the printer 2, based on the calibration 
data. Then, the converted print data Din is provided to the 
printer 2, which executes printing operations accordingly. 
The printer 2 will print Images whose tone levels Dout 
(where D - C, M, Y, K) properly match the desired original 
levels DortgiMi (where D - C, M, Y. K) . 

It should be noted that in the above description, it 
1$ assumed that at least one reserved file that can be used 
as a usable calibration file exists . This is because the 
reserved file type 2) always exists. For this reason, no 
particular explanation is provided for the case when 
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absolutely no reserved file exists. However, if possibility 
exists that no reserved file exists at all, then this is 
handled by the CPU 11 « an exceptional case and so the CPU 
11 perform appropriate error processes, such as displaying 
an error message on the display 17 and terminates printing 
operations . 

As described above, according to the present 
embodiment, the operator selects printer characteristics in 
S201. When a correct calibration file exists (8202^8). 
then in S203 calibration data is retrieved from the correct 
file. when no correct calibration file exists (S202.HO). 
then in S204 calibration data is retrieved from the reserved 
file. The reserved file can be a calibration file that is 
retained when a calibration file is updated or can be a 
calibration file that is originally provided within the 
printing system lo when the printing system is shipped from 
the factory. when calibration data is retrieved from a 
correct file or a reserved file, then In S205 original tone 
levels D orlelM1 . included in image data from some upper rank 
program, are converted into input tone levels Din. to be 
applied to the printer, which executes printing accordingly. 

Thus, according to the printing system of the present 
embodiment, if no correct calibration file exists, then 
calibration data is retrieved from the reserved file. 
Therefore, printing with allowable quality that does not 



require strict tone characteristic can be executed. 
Accordingly, printing is still possible. This makes the 
printing system easy to handle by tne user. 

In the above description, the printing system is 
configured to retrieve calibration data from a reserved file 
when no correct calibration file exists. However, Just 
because the aorreot calibration file exists does not mean 
that correct calibration data can be retrieved. In a oase 
that correct calibration data cannot be retrieved, 
calibration data can be retrieved from the reserved file. 

Whether or not correct calibration data is retrieved 
can be determined by checking whether or not each set of 
retrieved numeric data is within an allowable numerical 
range, or by using error detecting data. Any optional 
methods can be used for this determination. Also, if it is 
difficult to automatically determine whether or not correct 
calibration data is retrieved, then the user can optionally 
designate whether or not the reserved file should be used 
regardless of whether correct calibration data exists or not. 

It is noted that the printing system of the first 
embodiment uses a color printer as the printer 2. However, 
the printer 2 can be a monochrome printer capable of 
printing in multilevel tones. In this case, in order to 
adjust or calibrate a tone level of a single color, 
calibration data is prepared in the same manner as described 



40 



above for the corresponding single color and is stored in a 
single calibration data file. The calibration data can be 
used while printing the corresponding color. 

The printing system of the present embodiment prepares 
a plurality of eets of calibration data only in the number 
equivalent to the number of different ink colors. However, 
the same type of calibration data can be prepared for color 
mixture obtained by combining two or more of these ink 
colors . 

It is noted that in the printing system according to 
the present embodiment, both the printer 2 and the 
colorimeter 3 are connected to the single personal computer 
1. However, a separate personal computer can be connected 
to each of the printer 2 and the colorimeter 3 to make a 
color patch preparation system which includes the printer 
and its personal computer and a calibration data preparation 
system which includes the colorimeter and its personal 
computer. A printing system can also be prepared to have 
these two systems as subsidiary systems. In such a system, 
the color patch preparation system performs printing 
operation. Therefore, in this case, the calibration data 
file prepared in the calibration data preparation system has 
to be accessible by the color patch preparation system. 
Such access can be realized by connecting the subsidiary 
systems together by a transmission mechanism such as a local 



area network (LAN). Or, the calibration data file can be 
stored in a portable recording medium, such as a floppy disk, 
at the calibration data preparation system side. This 
calibration data file is read by color patch preparation 
system so that the color patch preparation system can 
perform printing operation as needed. In this case, there 
is no need to provide a configuration to enable data 
transmission directed between two subsidiary systems. 

Also, when a network that is configured from several, 
subsidiary systems connected by a transmission mechanism 
Includes a plurality of personal computers, a plurality of 
printers, or a plurality of colorimeters, each of the color 
patch preparation system and the calibration data 
preparation system can be configured by an optional 
combination of one of the personal computers, one of the 
printers, and one of the colorimeters. 

In the printing system of the present embodiment, the 

printer 2 la an ink Jet printer. However, other printers 
besides ink jet printer can be used. Any recording method 
that is capable of performing multi-level tone printing can 
be used. With any other types of printer, the tone 
characteristic data can be prepared by the calibration file 
preparation processes of the embodiments, stored in a 
calibration data file, and used during printing. 

It should be noted that in the printing system of the 



present embodiment, the personal computer 1 stores the 
calibration file preparation program and the printing 
process program in its ROM 12. However, these types of 
programs can be stored in the hard disk device 14 and 
retrieved Into the RAM 13 when needed to execute these 
processes. 

A tone characteristic data setting device according to 
a second embodiment of the present Invention will be 
described below with reference to Figs. 5 through 11(b). 

The second embodiment is provided to enable setting of 
calibration data easily. 

Fig. 5 is a block diagram showing essential 
components of a personal computer 200 that serves as the 
tone characteristic data setting device of the present 
embodiment . 

The personal computer 200 includes a computer portion 
104 which houses therein a CPU 110, a ROM 112, a RAM 114, 
and a hard disk drive (HDD) 116. The HDD 116 Is connected 
to the CPU 110, the ROM 112 , and the RAM 114 via an 
Interface 120 and a bus 118. A keyboard 130, a mouse 132, a 
monitor 134, a printer 136. and a colorimeter 138 are 
connected to the bus 118 of the computer body 104 each by a 
separate interface 122. The ROM 112 stores a variety of 
programs such as various application programs. 

According to the present embodiment, the printer 136 
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is of a type that executes color printing based on print 
data Din (where D = R. G, B), inputted from the personal 
computer 200. The printer 136 can execute multi-level tone 
printing having 256 tone levels for each color (R f G, B). 
The colorimeter 138 is of a type that measures intensity of 
light transmitted through or reflected from an object being 
measured, and outputs a color value (L, a, b) defined in the 
Lab colorimetrio space (CIB 1976 colorimetrlc system) as 
color measurement data. 

The HDD 116 stores calibration data 150 for present 
printing conditions as will be described later. The hard 
disk drive 116 further stores a plurality of sets of 
standard data 142, a plurality of sets of standard 
calibration data 140, and one set of test chart data 160. 

The HDD 116 further stores therein a variety of 
programs, such as an image formation program (Fig. 10) and a 
calibration data setting program (Fig. 8), to be described 
later, that are executed by the CPU 110. 

When executing the image formation program of Fig. 10 , 
the CPU 110 receives original tone level data (original 
pixel data) D^gt^ (where D - R. G f B) from an upper rank 
program such as some application program. The CPU 110 then 
converts the original tone level data Dewiginai (where D - R, 
G. B) into input tone level data (print pixel data) Din 
(where D - R, G. B). The CPU 110 performs this conversion 
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in accordance with commands inputted from an external source 
and based on calibration data 150 which is stored in the HDD 
116. The CPU 110 supplies the input level data Din (where D 
= R, G, B) to the printer 136, whereupon the printer 136 
prints images on a desired recording sheet. 

The CPU 110 executes the calibration data setting 
program to update the calibration data 150 stored in the HDD 
116. In the calibration data setting process, the CPU 110 
first controls the printer 136 to print a test chart using 
the test chart data 160. The CPU 110 controls the 
colorimeter 138 to measure colors of the printed test chart. 
The CPU 110 then receives color measurement data from the 
colorimeter 138, and uses the retrieved color measurement 
data to select one set of standard calibration data 140, 
thereby updating the calibration data 150 into the selected 
standard calibration data 140. 

As shown in Fig. 6(a), the test chart data 160 
includes "n" sets of numerical values Din (D - R, G, B) that 
should be applied to the printer 136 to print "n" number of 
color patches, in total. In this example, m n a equals 768, 
and the test chart data 160 includes 'n/3 - 256* sets of 
numerical values Din (D - R, G, B) of 0 - 255, for each 
color R, G, or B, that should be applied to the printer 136 
to print "n/3 = 256* number of color patches for each color. 

The test data 160 further includes, in correspondence 
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with several types of colorimeters 138, several sets of 
coordinate data (x, y) , each data set being indicative of 
positions where the "n" number of patches should be printed 
on the test chart 170. During the calibration setting 
routine of Pig. 8, therefore, the user will use the test data 
160 with one set of coordinate data (x, y) that corresponds 
to the user's own colorimeter 138 to be used. Thus, the user 
can control the device 200 to set calibration data by using 
hie/her own colorimeter. The user does not need to purchase 
any new colorimeter. increase of costs by the user can be 
prevented. 

Fig. 6(b) shows a test chart 170 printed by the 
printer 136 when the test chart data 160 with one set of 
coordinate data (Fig. 6(a)) is applied to the printer 136 
from the personal computer 104. The test chart 170 Includes 
a line of patch numbers PI to Pn (where n - 768). Each 
patch has a square shape of. for example, 2 mm x 2 mm. 
Adjacent patches are separated by a fixed distance of, for 
example, 1 mm. In this example, because n » 768, then a 
total of 768 patches, that is. 256 tone color patches for 
each of red, green, and blue, are printed on the test chart. 

The positions of the respective patches correspond to 
the coordinate data (x. y) in the used test chart data 160. 
Accordingly, the patches are aligned in the test chart 170 
in the same direction as the direction in which the test 
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chart 170 is fed in the colorimeter 138 so that the 
colorimeter 138 can read the patches starting from the patch 
PI in order up to Pn (where n - 768) when measuring the 
color of the patches. 

Fig* 7(a) schematically shows a configuration of the 
plurality of sets of standard data 142, and Fig. 7(b) 
schematically shows a configuration of one set of standard 
data 142 among the plurality of sets of standard data 142. 
The plurality of sets of standard data 142 are to be 
compared with the test chart 170 during the calibration data 
setting routine of Fig. 8. Bach set of standard data 142 
corresponds to one of a plurality of Image forming 
conditions to be possibly set in the printer 136 and to one 
of the several types of colorimeters 138 possibly to be used. 
As shown in Fig. 7(b), each set of standard data 142 
includes n (where n = 768, in this example) sets of data, 
one set for each patch number PI to Pn of the test chart 170. 
Each set of data includes: a value set (L*', a**, b**) 
numerically indicating a color defined in the L*a*b» color 
system (CIS 1976) for the corresponding patch number; and a 
coordinate value (x, y) for the corresponding patch number. 

Fig. 7(c) schematically shows a configuration of the 
plurality of sets of standard calibration data 140. The 
plurality of sets of standard calibration data 140 are 
appended with respective reference numbers. Fig. 7(d) 
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schematically shows a conf lguxation of one set of standard 
calibration data 140 among the plurality of sets of standard 
calibration data 140. it is noted that the plurality of 
standard calibration data 140 correspond to the plurality of 
possible image forming conditions to be set in the printer 
136. Each set of standard calibration data 140 therefore 
corresponds to several standard data sets 142 that 
correspond to the same image forming condition but that 
correspond to the several types of colorimeter 138, 
respectively. 

As shown in Fig. 7(a), each set of standard data 142 
further includes a reference number that indicates a 
corresponding set of standard calibration data 140. 
Accordingly, several standard data sets 142, which 
correspond to the same Image forming condition, but to the 
several types of colorimeter 138, include the same reference 
number indicating the corresponding, single standard 
calibration data set 140. As will be described later, the 
reference number is used to retrieve, from the hard disk 
drive 116, one set of standard calibration data 140 that 
corresponds to one set of standard data 142. 

Bach set of standard calibration data 140 is to be 
used when converting original image data Partg^ (D - R. G, 
B), from an upper rank program, into image formation data 
Din (D = R, G, B) so that the printer 136 in a corresponding 
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printing condition can form, on a recording medium, an Image 
in a color with the same hue, lightness, and saturation as 
originally desired in the original image data Dangnuii. 

Bach standard calibration data set 140 corresponds to 
one of the plurality of possible image printing conditions 
of the printer 136 , and indicates the relationship between 
the original tone levels D orlglJ1111 (where D - R, G, B) and the 
input tone levels Din (where D « R, G, B) . Bach set of 
standard calibration data 140 therefore has a data structure 
ae shown in Fig. 7(d), More specifically, each calibration 
data set 140 includes three sets of calibration data for the 
respective three colors (red, green, and blue). In each set 
of calibration data. 256 numerical values Din (where D = R, 
G, B) are located at positions from a 0-th location to a 
255-th location in association with corresponding original 
tone levels Dori»±nai (where D » R, G, B) of 0 to 255. The 
calibration data shows that a color value (L, a, b) the same 
as each tone level T) OT19±£iml _ will be reproduced when a 
corresponding value Din is supplied to the printer 136. One 
set of standard calibration data 140 is selected during the 
calibration data setting routine of rig. 8 and is set as 
calibration data 150 as will be described later. 

A variety of methods are conceivable for preparing the 
standard data sets 142 and the standard calibration data 
sets 140. For example, when the personal computer 200 is 
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being manufactured, then teat charts 170 are formed as shown 
in Fig. 6(b) by controlling a variety of different printers 
under a variety of setting conditions using the single test 
data set 160 with one coordinate data set (x, y) in Fig. 
6(a). Thus, test charts 170 are formed in correspondence 
with a plurality of image forming conditions. As a result, 
a plurality of test charts 170 axe obtained in 
correspondence with all the plurality of Image forming 
conditions. Each test chart 170 is then measured by a 
colorimeter 138 that corresponds to the coordinate data set 
(x, y) used. As a result, "n" number of color measurement 
data (L, a, b) are obtained from each test chart 170. The 
thus obtained "n" number of color measurement data (L, a, b) 
and the coordinate data set (x, y) are arranged as shown in 
Pig. 7(b) to prepare one set of standard data 142 that 
corresponds to each image forming conditions and to the used 
colorimeter 138. Then, several sets of standard data sets 
142 are prepared, for each Image forming condition, by using 
the same color measurement data (L, a, b) while 
differentiating the coordinate data (x, y). 

In order to obtain a set of standard calibration data 
140 corresponding to each image forming condition, first, 
the color measurement data set ( L, a, b) is retrieved from 
one of the corresponding several standard data sets 140. 
Then, for each of the red color-printed patches with patch 
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numbers PI - Pn/3 # the color measurement data (L, a, b) is 
converted into a density value Rout that is defined in the 
RGB colorimetrio system. Similarly, for each of the green 
color-printed patches with patch numbers Pn/3+1 - P2n/3, the 
color measurement data (L. a, b) is converted into a density 
value Gout that is defined also in the RGB color irae trie 
system. Additionally , for each of the blue color-printed 
patches with patch numbers P2n/3+l - p n , the color 
measurement data (L, a, b) is converted into a density value 
Bout that is defined also in the RGB colorimetrio system. 
As a result, for each color R, G . or B , a relationship, 
between the 256 input density levels Din (where D - R, G, B) 
and the corresponding output density levels Dout < where D & 
R * G, B), are obtained similarly to the Din-Dout 
relationship shown in Fig. 3(c). As a result, under the 
assumption that output density levels Dout (where D = R, G. 
B) have a linear relationship with the original density 
levels Doriainmi ( where D « R, G, B)„ a relationship between 
all the 256 input density levels Din (where D ■ R, G, B) and 
corresponding original density levels DorigiMi (where D - R, 
G, B) is obtained for each color. By determining which 
input density level Din (where D = R, G, B) should be 
applied to the printer 136 in order to reproduce each of 256 
original density levels Dori^a! (where D « R, G, B) of 0 - 
256, the standard calibration data 150 is obtained as shown 
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in Fig. 7(d). When the personal computer 200 is being 
manufactured, the thus prepared standard data sets 142 and 
corresponding standard calibration data sets 140 are stored 
in correspondence with each other. 

With this configuration, standard calibration data 140 
that reliably corresponds to each set of different image 
formation conditions can be stored in the hard disk drive 
116. When the standard calibration data is used as 
calibration data for converting original image data D 0 ri»nua 
into image formation data Din, then a tone image that is 
faithful to the original Image data D^^^ can be formed on 
recording medium. 

During the image formation process of Pig. 10, when 
the CPU 11 receives, from some upper rank program, an 
original tone level Rorigiwi of "200." for example, the CPU 
11 retrieves one numerical data Rin from the 200-th location 
in the calibration data 150. which is one set of standard 
calibration data 140 that is selected during the calibration 
data setting routine of Pig. 8, and supplies the retrieved 
data Rin to the printer 136. As a result, the printer 136 
will print a color that actually has a color value that is 
substantially the same as a color value indicated by the 
original tone level Region of '200* if it is measured. 

With the above -described structure, the computer 200 
executes the calibration data setting process to control the 
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printer 136 to actually print a test chart using the basic 
test chart data 160 and to select one standard data 142, 
thereby setting corresponding standard calibration data 140 
as new calibration data 150. 

The calibration data setting process is executed by 
the CPU 110 when the user inputs a command to execute this 
process from an external source such as a keyboard 130 or a 
mouse 132. 

As shown in Pig. 8, when the calibration data setting 
routine is started, first in S1100 # the test chart data 160, 
with one set of coordinate data (x, y) for the colorimeter 
138 to be used, is retrieved from the hard disk drive 16 and 
Is outputted to the printer 136. As a result, the printer 
136 prints the test chart 170 of Fig. 6(b) on a 
predetermined recording sheet under image formation 
conditions presently set in the printer 136. Next, the 
operator uses the colorimeter 138 to measure the colors of 
the printed test chart 170 and to produce color measurement 
data 146 (where D - R, G, B) for all the patches. The 
colorimeter 138 inputs the thus produced color measurement 
data 146 shown in Fig. 9 into the personal computer 2. The 
color measurement data 146 includes a numerioal value set 
(L*, a*. b») for each patch number PI to Pn (where n = 768, 
in this example) of the test chart 170 according to the 
L*a*b* color system (CIS 1976). 
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Accordingly, after Inputting the test chart data 160 
to the printer 136, then the routine waits for the 
colorimeter 138 to output the color measurement data 146 in 
Sllio. Once input of color measurement data 146 has started 
(S1110:YES), then in S1120 the color measurement data 146 is 
received and stored in the RAM 114. The color measurement 
data 146 is continued to be written into the RAM 114 until 
input of the color measurement data 146 has been completed. 
When input is completed, the retrieval operations of the 
color measurement data is ended (S1130*Y£S). 

When retrieval of the color measurement data has been 
completed, then in SI 140 calculations are performed to 
determine, for each patch number (PI - Pn), difference in 
color between the color measurement data 146 (Fig. 9) and 
each set of standard data 142 (Pig. 7(b)). This difference 
AE*ab in color, for each patch number, can be determined 
using the following formula i 

AE'flb = J(r -L'f + (a~-a) 2 + (b' -b'y 

where L* * , a*', b*' are in a data set of one patch 
number in each set of standard data 142, and L*, a*, b* are 
in a data set of a corresponding patch number in the color 
measurement data 146. 
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For each standard data set 142, the color differences 
AE*ab determined for all the patch numbers PI - Pn in SI 140 
are successively stored in the RAM 114 in the order 
determined, and are stored in correspondence with the 
corresponding standard data sets 142. 

Once the color differences A B*ab , for all the patch 
numbers PI - Pn, between the color measurement data 146 and 
all the sets of standard data 142 are obtained, then in 
S1150 one set of standard data 142 that has the lowest color 
difference A E*ab among all the color differences A E*ab 
stored in the RAM 114 is searched for. In S1160, one 
standard calibration data 140 that corresponds to the 
standard data 142 searched for in SI 150 is retrieved from 
the hard disk drive 116 by referring to a reference number 
that is set in the searched standard data set 142. The 
retrieved standard calibration data 142 is stored in the 
hard disk drive 116 as new calibration data 150 that 
corresponds to the present image formation conditions of the 
printer 136. 

As described above, according to the present 
embodiment, the calibration data setting device' 200 is 
prestored wlthi the test chart data 160 for forming the test 
chart 170, the plurality of standard data sets 142 which are 
to be used for calculating color differences with respect to 
colors actually measured from the test chart 170, and the 
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plurality of standard calibration data sets 140 that each 
corresponds to several ones In the standard data sets 142. 
in order to set calibration data, then in SHOO, test data 
160 Is out put ted to the printer 136, whereupon the printer 
forms the test chart 170. When color measurement data 146 
Is Inputted from the colorimeter 138 that measures colors of 
the test chart 170, then this Inputted color measurement 
data 146 is written Into the RAM 114 In S1110 to S1130. 
Then, In Si 140, the difference between the color measurement 
data 146 and each set of standard data 142 Is calculated. 
In S1150 - SI 160, one standard calibration data set 140 that 
corresponds to the standard data set 142 with the lowest 
color difference from the measurement data Is searched for. 
The standard calibration data eet 140 searched for and found 
is set as the calibration data 150 that will be used when 
converting Image data later on. 

The thus set calibration data 150 will be used when 
converting original image data Do^gin^ Into Image formation 
data Din to control the printer 136 to form Images on a 
recording medium. 

More specifically, when printing Is performed 
thereafter, the Image formation program shown in Fig. 10 is 
retrieved from the ROM 112, and Is executed by the CPU 110. 

During the printing process, the CPU 110 first 
retrieves, in S2131, calibration data 150 from the HDD 116 
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and writes the calibration data 140 Into the RAH 114. Then, 
In S2132, the CPU 11 receives original tone level data 
Dorigiui (where D = R, G, B) included in image data, supplied 
from a desired upper rank program, and converts the original 
level data D original (where D « R, G, B) into input level data 
Din (where D = R, G, B) using the retrieved calibration data 
150. Then, in S2133, the CPU 11 outputs the input level 
data Din (where D - R, G, B) to the printer 136, thereby 
allowing the printer 136 to print the tone level designated 
by the original level data Din (where D = R, G, B) , That is, 
if color values (L, a, b) are measured from a print output 
actually obtained by the printer 136, the measured color 
values (L, a, b) will properly match color values Indicated 
by the original tone levels Din (where D - R, 6, B). 

Thus, the printer 136 is used to print out a new test 
chart 170 each time the image formation conditions of the 
printer 136 are changed. By calculating the color 
difference between the measured color data, obtained by 
measuring the test chart 170 using the colorimeter 138, and 
each of the plurality of standard data sets 142. then one 
set of standard calibration data 140 that corresponds to the 
present image formation conditions of the printer 136 can be 
retrieved from the hard disk drive 116 based on the standard 
data set 142 with the lowest color difference. Therefore, 
the calibration data 150 can be updated in a short time 
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without any complicated oaloulationa. 

Accordingly, the configuration of the personal 
computer 200 and also the process programs of Fig. 8 used in 
the personal computer 200 can be simplified, so that cost 
for producing the personal computer 200 can be reduced. 
Also, the user can perform image processing operations more 
efficiently. 

The present embodiment le not limited to the above 
description. The following five modifications are possible. 
Modification 1 

As shown in Fig. 11(a), each of the plurality of 
standard data sets 142, corresponding to a different set of 
image formation conditions* can have color density R' , G', 
or B ' for each patch number PI to Pn. That is, each 
standard data set 142 has red density values R' for patch 
numbers PI - Fn/3. green density values G* for patch numbers 
Pn/3+1 - P2n/3, and blue density values B' for patch numbers 
P2n/3+l - Pn. 

In this case, during the calibration data setting 
routine of Fig. 8, the colorimeter 136 le controlled to 
measure the color on the test chart 170 and to output color 
measurement data 146 that numerically represents the 
corresponding density (R, G, or B) of color on each patch PI 
to Pn as shown in Pig. 11(b). That is. the color 

measurement data set 146 has red density values R for patch 
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numbers PI - Pn/3. green density values G for patch numbers 
Pn/3+l - P2n/3, and blue density values B for patch numbers 
P2n/3+l - Pn. 

Then, the calculations in S1140 are performed, for all 
the patches PI - Pn, to determine density differences 
between measured values R, G, B in the measured color data 
146 and corresponding values R, G, B in each of the 
plurality of standard data sets 142. Further, In S1150 one 
standard data set 142 is searched for with the smallest 
density difference from the color measurement data 146. 
With this configuration, the calibration data 150 can be set 
quickly without complicated calculations. 

Modification 2 

It can be assumed that input levels Din (where D - R, 
G, B) of the test chart data 160, Inputted from the personal 
computer 104 to the printer 136. can be numerically 
represented by a level value L. It is further assumed that 
the colors of the test chart 170 printed by the printer 136 
are measured by the colorimeter 138, and the density of 
color corresponding to each patch number PI to Pn can be 
represented numerically by a density value D. In such a 
case, the density value D can be represented In a secondary 
approximate expression such as D *» AL 2 + BI» + C using the 
level value L, wherein A, B, and C are coefficients. 

In order to prepare a standard data a et 142 fox each 



printing condition, therefore, the relationship, between the 
n number of level values L' in the test chart data 160 and 
corresponding n number of density values 0' measured, are 
determined for all the patch numbers PI - Fn using n number 
of secondary approximate expressions described above. This 
determination is performed for each image forming condition. 
Then, for each image forming condition, coefficients A' . B' , 
C are determined by comparing the n number of approximate 
expressions. The determined coefficients are A', B' , C set 
as a corresponding standard data set 142. That is, the 
coefficients A' , B * . C are Included in each standard data 
set 142. 

In this case, during the calibration data setting 
routine of Fig. 8, in S1110, level values L (« Din (where D 
«= R, G, B) in the test data 160, outputted to the printer 
136 to produce all the patch numbers Pi to Pn. are stored in 
the RAM 114. Further, the colorimeter 138 is controlled to 
measure colors of the test chart 170 printed by the printer 
136* The density values D (- Dout (where D « R, G, B) ) of 
colors corresponding to all the patch numbers Pi to Pn are 
then obtained as color measurement data. Then, coefficients 
A, B, C are determined by using n number of secondary 
approximate expressions based on the level values L and the 
density values D for all the patch numbers PI - Pn, and by 
comparing the n number of secondary approximation 
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expressions. In SI 140, calculations are performed to 
calculate the differences between the coefficients A, B, C 
obtained from the color measurement data and the 
coefficients A' , B* , C in each set of the standard data 
sets 142. Next, in S1150, one standard data set 142 that 
has a smallest difference in its coefficients (A*, B* , C) 
with the measurement data (A, B, C) is searched for. In 
this way also, the calibration data 150 can be set quickly 
without complicated calculations. 

These coefficients A (A'), B (B'), C (C) can be set 
with different levels of importance, and comparison for all 
the coefficients can be performed according to the set 
levels of importance. For example, the value of A (A') can 
be set with the level of Unportance ten (10), value B <B') 
can be set with the level of importance three (3), and value 
C (C) can be set with the importance value of one (1). The 
values A, B, C Ijq the color measurement data 146 and the 
values A v , B', C in the standard data 142 can be compared 
according to this weighting. Thus, the levels of importance 
can be used as rates for being used to perform comparison 
calculations for values A, B, C. 

Modification 3 

In this modification, during S1140, the color 
differences A E*ab between the color measurement data 146 
and each set of standard data 142 are determined for all 
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patch numbers Pi to Pn, and then an average value of all the 
color differences AE*ab is calculated and stored in the RAM 
114. Then in S1150, one set of standard data 142 that has 
the lowest average value for its color differences AE*ab is 
searched for. With this configurations also, the 

calibration data can be quickly set without complicated 
calculation processes . 

Alternatively, as each standard data set 142, an 
average value of color values (L. a, b) for all the patch 
numbers PI to Pn in Fig. 7(b) can be determined. During the 
routine of Fig. 8, an average value of aolor values (L, a, 
b) for all the patch numbers PI to Pn is determined based on 
the color measurement data 146 (Fig. 9) from the test chart 
170. A difference between the average value of the color 
measurement data 146 and the average value in each set of 
standard data 142 is calculated. Then in S1150 one standard 
data set 142 with the lowest difference in the average value 
of color values can be searched for. In this case also, the 
same effects can be obtained as when comparing the 

differences AE*ab for all the patch numbers. 

This modification 3 can be applied to the above - 
described modification 1. That is, in modification 1, in 
each standard data set 142, an average value of density 
values on all the patch numbers PI to Pn in Fig. 11(a) can 
be determined as the set of standard data 142. An average 



value of density values for all the patch number PI to Pn is 
determined based on the color measurement data 146 (Fig. 
11(b)) from the test chart 170. A difference between the 
average value of the measured data 146 and the average value 
in each set of standard data 142 Is calculated. Then In 
SI 150 one standard data set with the lowest difference In 
the average value of color densities can be searched for. 
In this case also, the same effects can be obtained as when 
comparing the differences AE*ab for all the patch numbers. 
Modification 4 

In SI 140 the differences in color A B*ab between the 
color measurement data 146 and the plurality of standard 
data sets 142 are determined only for a particular patch 
number among all the patch numbers PI - Pn, and the 
determined results are stored In the RAM 114. In S1150, one 
standard data set that has the smallest color difference 

color A E*ab is searched for. In this case also, the 
calibration data can be set quickly without complicated 
calculation processes. 

For example, each set of standard data 142 can be set 
with a Lab color value only for a particular patch number. 
In this case, the Lab color value of color corresponding 
only to the same particular patch number is retrieved from 
the color measurement data 146. In S1150, one standard data 
set with the lowest difference between the standard data and 
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the actually measured color value Is searched for. 

This modification 4 can also be applied to the 
modification 1. That is, in the modification 1, each set of 
standard value 142 can be set with a density value only for 
a particular patch number. In this case, the density value 
of color corresponding only to the same particu l a r patch 
number can be retrieved from the color measurement data 146. 
In S1150, one standard data set with the lowest difference 
between the standard data and the actually measured density 
values is searched for. 

Modification 5 

In S1140, the color difference A B*ab may be 
determined for some patch numbers, within a particular range, 
between the color measurement data 146 and each, set of 
standard data 142, and the determined values stored In the 
RAM 114. in S1150, one set of standard data 142 with the 

smallest color difference A E*ab Is searched for. In this 
way also, calibration data nan be determined quickly without 
complicated calculations. 

For example, eaoh set of standard data 142 may be set 
with color values (L, a, b) corresponding only to some patch 
numbers within the particular range. Also, the color values 
(L. a. b) of colors corresponding only to the patch numbers 
within the particular range are used as color measurement 
values of the test chart 170. In S1L50, one set of standard 



64 



data 142 is searched for that has a smallest difference with 
the measured color values. 

This modification 5 can be applied to the modification 
1. That is. in the modification 1, each set of standard 
data 142 may be set with density values of colors 
corresponding only to some patch numbers within the 
particular range. Also, the density values of colors 
corresponding only to the patch numbers within the 
particular range are used ae color measurement values of the 
test chart 170. In S1150, one set of standard data 142 Is 
searched for that has a smallest difference with the 
measured density values. This configuration also has the 

same effects as when comparing color difference A E*ab of 
patch numbers within the particular range. 

Patches in intermediate tones with the densities in 
the vicinity of 50% can be Included in the particular patch 
range. The intermediate tones axe Known to be easily 
Influenced by fluctuation in color caused by changes In the 
image formation characteristic of the image forming device, 
such as the printer 136. For this reason, by comparing 
standard data 142 with color measurement data 146 for 
patches In the particular range that includes the vicinity 
of 50 % densities, then the density differences or color 
differences appear more striking than when patches of tones 
other than the intermediate tones are used for comparison . 
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Therefore, it is possible to set calibration data near to 
the image formation conditions or the image formation 
characteristic actually being presently used. 

A tone characteristic data setting device according to 
a third embodiment of the present Invention will be described 
below with reference to Figs. 12 - 14. 

The third embodiment is provided to enable setting of 
tone characteristic data or calibration data only when the 
setting is necessary. 

A computer 300 that includes the tone characteristic 
data setting device of the present embodiment can be 
constructed as shown in Pig. 12, The structure of the 
computer 300 is the same as that of the computer 200 in the 
second embodiment except that the hard disk drive 116 stores 
a set of observation test chart data 260 and a set of 
calibration data 250, instead of storing the basic standard 
data sets 142 , the standard calibration data sets 140 and the 
calibration data set 150. 

According to the present embodiment, the computer 
system 300 of Fig. 12 executes the calibration file updating 
process shown in Fig. 14, instead of executing the 
calibration data updating process shown in Fig. 8. That is, 
a calibration data updating program shown in Fig. 14 is 
stored in the HDD 116. 

It is noted that according to the present embodiment. 
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the printer 136 is a color printer that is capable of 
forming Images on a recording medium using four colors of 
ink, that is, black ink, cyan ink, magenta Ink, and yellow 
ink in the same manner as the printer 2 In the first 
embodiment . 

The colorimeter 138 is of a type that measures 
intensity of light transmitted through or reflected from an 
object being measured, and outputs a color value (X, Y, Z) 
defined in the XYZ coloriroetrlc space (CIK 1931 color imetric 
system) as color measurement data. 

The HDD 116 further stores an image formation program 

similar the same as that of Fig. 10 In the second embodiment. 

That Is, when CPU 110 receives original tone level data 

( original pixel data) D origin*! (where D « C, M, Y, K, In this 

embodiment) from an upper rank program such as some 

application program, the CPU 110 then converts the original 

tone level data Dangu^ (where D « C, M, Y, K) into Input 

tone level data Din (where D - C, M. Y, K, In this 

embodiment). The CPU 11 performs this conversion in 

accordance with commands Inputted from an external source 

and based on the calibration data 250 stored in the HDD 116. 

The CPU 110 supplies the input level data Din (where D - c, 

M, Y, K) to the printer 136, whereupon the printer 136 

prints Images on a desired recording sheet. 

According to the present embodiment, the calibration 



67 



data setting process (Fig. 14) is designed to first control 
the printer 136 using the observation test data 260 to print 
an observation test chart 240 (Fig. 13) so that the operator 
can visually evaluate whether calibration data 250 presently 
used should be updated or not, and to update the present 
calibration data only when the evaluation results shows that 
updating is necessary. 

The calibration data 250 has a data structure the same 
as shown in Fig. 2(b) in the first embodiment. 

The observation test data 260 includes original tone 
level data D 0 ri*±Mi (D = c, M, Y, K) for forming an 
observation test chart 240 as shown in Fig. 13. 

More specifically, the observation test chart data 260 
is prepared for forming a predetermined character pattern , 
for example "calibration" as shown in Fig. 13. The 
observation test chart data 260 forms the character pattern 
in a predetermined image forming region (indicated in a 
frame in Fig. 13) on a recording sheet. The observation 
test data 260 is set to print the character pattern using 
black ink in an intermediate tone that is 50% black, or gray 
aolor, and to print the background of the character pattern, 
that is all portions other than the character pattern itself, 
using a combination of cyan, magenta, and yellow ink in the 
same color as the character pattern itself. In other words, 
if the computer 104 converts the original tone levels 
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Dorigmai (D ■» C, M, Y, K) in the observation test data 260 
into input tone levels Din (D *» C . M, Y . K) using a 
predetermined standard calibration data 250, and supplies 
the input tone levels Din to the printer 136, thereby 
controlling the printer 136 to print the test chart 240 on a 
predetermined recording sheet, and if the printer 136 is in 
a predetermined standard printing characteristic that 
corresponds to the predetermined standard calibration data 
250, the color of the background pattern becomes exactly the 
same as that of the character pattern, and therefore the 
operator should not be able to read the character pattern on 
the test chart 240, 

Even when the printing characteristic of the printer 
136 changes from the standard printing characteristic, if 
the calibration data 250 in the HDD 116 Is also updated into 
a state that properly corresponds to the present printing 
characteristic, an observation test chart 240 that Is 
obtained by converting the original tone levels Dodging (D » 
C, M, Y, R) in the observation test data 260 into input tone 
levels Din (D - C, M, Y, K) using the updated calibration 
data 250 will reproduce colors so that the color of the 
background pattern is still exactly the same with that of 
the character pattern, and therefore the operator should not 
be able to read the character pattern on the test chart 240. 
The observation test data 260 is produced In a manner 



69 

described below. 

First, a standard printer 136 in the predetermined 
standard printing characteristic is used to print a square 
pattern, such as 2 mm by 2 mm square in an intermediate tone, 
such as 50 % black, on a print medium with black ink. Then, 
the colorimeter 138 is used to measure color of the 50 4 
black pattern, and to produce color measurement data CK 50% 
- (X so , Y 5 o, Z50) represented by the XYZ colorimetric system 
(CIE 1931 color system) . 

Then, the printer 136 is again used to print a 
plurality of patterns , in the same size as the black 50 % 
pattern, in each of a plurality of colors, including: white 
(the same color with the print medium), cyan ink, magenta 
ink, yellow ink, a combination color of three colors of cyan, 
magenta, yellow in a laminated condition, red, green, and 
blue. These patterns are measured using the colorimeter 138, 
as a result of which the colorimeter 138 produces a 
plurality of color measurement data Cw, Co, Cm, Cy, C3c, Cr, 
Cg, Cb that axe represented also by XYZ color system (CIE 
1631 color system) . 

That is, the color measurement data sets obtained for 
all the colors are represented by: Cw ■ (Xw. Yw. Zw) . Cc = 
(Xc. Yc, Zc). Cm = (Xm. Ym, Zm) , Cy - (Xy f Yy, Zy) , C3c = 
(X3c,Y3c,Z3c) . cr - (Xr, Yr, Zr), Cg = (Xg. Yg, Zg) , and Cb 
« (Xb, Yt>, Zb), respectively. 



In the observation test chart 240, the character- 
pattern Is printed using 50 % black ink, whereas the 
background pattern is used by laminating cyan ink, magenta 
Ink, yellow Ink to emulate the same color as the 50% black 
ink. It is assumed that the amount of each color Ink (cyan, 
magenta, and yellow ink) used for forming the background 
pattern is represented as InkC, InkM, and Inky, wherein 0 ^ 
InkC, InkM, InkY ^ 1 where 1 is the maximum amount of ink 
ejected during printing, and 0 is no Ink ejection. 

It is further assumed that the background pattern is 
to be produced by white color (color of the recording 
material), cyan ink color, magenta ink color, yellow ink 
color. 3C ink color (a combination of laminated colors of 
cyan, magenta, and yellow), red, green, and blue color with 
their surface area ratios represented by aw, ac, am, ay, a3c, 
ax, ag, ab respectively. 

The surface area ratios aw. ac, am, ay, a3c, ar , ag, 
ab, which should be set to corresponding colors in the 
background pattern, and the amounts InkC, InkM, InkY of ink 
which should be used in the background pattern can be 
determined in the following simultaneous equations (1) to 
(ll)i 

X 5o »aw*Xw+ao*Xo+am*Xm+ay* Xy 

+ a3c * X3c + ar * Xr + ag * Xg + ab * Xb (1) 
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Yso ■ aw * Yw + ao * Yc + am * Ym + ay * Yy 

+ a3o * Y3o + ar * Yr + ag * Yg + ab * 

Yb (2) 



5 Z 5o = aw * 2w + ac * Zc + am * Zm + ay * Zy 

+a3c * Z3c + ar * Zr + ag * Zg + ab * Zb 

(3) 



aw = <l-InXC)*(i-InXM)*(l-InkY) (4) 

10 

ay = (l-lnkC)*(l-InkM)* Inky (5) 

am = (1-InkC )* InkM * (1-InkY) (6) 

15 ao - InkC* ( l-InkM)»< 1-InkY) (7) 

ar - (1-InkC) * InkM * InkY (8) 

ag - InkC* (1- InkM) *InkY (9) 

20 

ab = InXC * InkM *(l-InkY) (10) 

a3c - InkC * InkM * InkY (11) 

25 The values of aw, ac, am, ay, a3c, ar, ag, ab, InkC, 



72 



InkM. and InkY determined using the above simultaneous 
equations (1) to (11) can control the printer 136, which is 
in the predetermined standard printer characteristic,, to 
print the background pattern in exactly the same as the 50% 
black pattern. Original tone data Dorirumi ( D a C, M. Y, K) 
in the observation test data 260 is produced based on the 
above -determined values so that when the original tone data 
D 0 r±9±n*i (D « C, M, Y, K) in the observation test data 260 be 
converted into input tone data Din (D - C, M, Y, K) 
according to the predetermined standard calibration data 250, 
the obtained input tone data Din will properly control the 
printer 136 in the standard printing characteristic, to 
reproduce the background pattern and the character pattern 
in exactly the same color. 

Next, an explanation will be provided for the 
calibration data updating process, that is executed by the 
CPU 110, with reference to the flowchart shown in Fig, 14. 
The program for executing the calibration data updating 
process is stored in the hard disk drive 116 as one of 
various start programs for the personal computer 300 so that 
the program will be run when the personal computer 300 is 
started. For this reason, the calibration data updating 
processes will always be executed directly after the 
personal computer 300 is started up. Additionally, the 
calibration data updating processes can be executed when the 



user commands execution of this process according to 
necessity. 

As shown in Pig. 14, when this routine is started, 
first in S3100, the observation test data 260 (Dong^i 
(where D - C, M, Y, K) ) is retrieved from the hard disk 
drive 116. converted to print data Din (where D ~ C. M, Y, 
K) based on the calibration data 250 presently set in the 
HDD 116, and then output ted to the printer 136. Then, in 
S3110, the CPU 110 judges whether or not all the observation 
test data 260 have been inputted to the printer 136. 

With this routine, the printer 136 prints the 
observation test chart 240 on a recording sheet preset in 
the printer 136. The user visually determines whether the 
test chart is printed well to determine whether the 
presently-set calibration data needs to be updated or not. 
Therefore, when this is confirmed that the observation test 
data 260 has been completely inputted (S3110:YES), then in 
S3 120, a message urging the user to input his or her visual 
evaluation of the observation test chart is displayed on the 
monitor 134. For example, the message "should calibration 
be performed?' can be displayed on the monitor 134. 

In S3130, the routine waits for the user to operate, 
according to the displayed message, the mouse 132 or the 
Keyboard 130 to indicate necessity of updating the 
calibration data. If the observation test chart 240 is 
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properly printed and the word "calibration" does not appear 
on the test chart, so the user commands that the calibration 
data need not be updated (S3130:N0), then this routine Is 
ended. On the other hand, if the test chart 240 is poorly 
printed and therefore the word m calibration" appears on the 
test chart, so the user inputs a command indicating that the 
calibration data should be updated (S3 130; YES), then the 
routine proceeds to S3 140 whereupon the calibration data Is 
updated and afterward the routine is ended. 

The routine for updating the calibration data is 
performed in S3 140 in the same manner as in S104 of the 
first embodiment. More specifically, in response to the 
command from the user, print data Din (where D - C, M, Y, K) 
for printing the test chart of Fig. 3(b) is first inputted 
to the printer 136. The test chart is printed on a 
predetermined printing sheet. Afterward, the user sets the 
printed test chart in the colorimeter 136. In this case, 
the colorimeter 138 is controlled to output Its color 
measurement data in the color components of c, M, Y, K in 
the same manner as In the first embodiment. When the color 
measurement data Dout (where D - C, M, Y, K) of the test 
chart is Inputted to the computer 104 from the colorimeter 
138, then calibration data 250 as shown in Fig. 2(b) that 
corresponds to the present characteristic of the printer 136 
is determined. The calibration data 250 shows which print 
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data Din (where D - C, Y, Y, K) can control the printer 136 
In the present state to reproduce each of 256 original tone 
data Dorsal (where D - C, M, Y, K) of 0 - 255. The thus 
obtained calibration data 250 is then written over the 
calibration data 250 already existing in the hard disk drive 
116. 

As described above , according to the present 
embodiment, the observation test chart, which enables visual 
distinction whether calibration data needs to be updated, is 
printed according to a command from a user or automatically 
in conjunction with start up of the device 300. The 
observation test chart includes the character pattern and 
the background pattern. The character pattern is printed in 
an intermediate color using black ink . The background 
pattern is printed to match the intermediate color of the 
character pattern by adjusting composition of different inks 
(cyan, magenta, yellow), when the calibration data now set 
In the device 300 to print the observation test chart 
deviates from the present characteristic of the printer, 
then the character will appear in the printed test chart so 
that the user can visually determine whether or not the 
calibration data needs to be updated. 

It is noted that when the device 300 is originally 
shipped from a manufacturer, the HDD 116 originally stores 
the set of standard calibration data that has been used to 



76 



produce the observation test data 260. Accordingly, at 
least until the standard calibration data is written over 
with new calibration data during the updating routine of Pig. 
14, the observation test chart 240 is printed by converting 
the observation test data 260 (Doriv&a&i) using the standard 
calibration data. When the characteristic of the printer 
136 deviates from the standard characteristic corresponding 
to the standard calibration data, the standard calibration 
data is updated to new calibration data during the updating 
routine of Fig. 14. Thereafter, the new calibration data 
will be used for converting the observation test data 260 
until the characteristic of the printer 136 further changes 
and therefore calibration data Is further updated. 

Thus, the observation test chart formation operations 
are executed either when the personal computer 300 Is first 
started up or when a command is received from the user. The 
printer 136 then prints the observation test chart 240 for 
visual confirmation of whether or not the calibration data 
needs to be updated. The observation test chart has, in the 
predetermined image formation region on the recording sheet, 
several areas to present a character pattern corresponding 
to the predetermined character train. The character pattern 
and the background pattern are printed in the same 
intermediate tone by changing composition of ink or image 
formation material. 
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Accordingly, the user will be unable to distinguish 
the character pattern from the background pattern when the 
printer characteristic matches . with the presently- set 
calibration data 250 and therefore the observation test 
chart 240 is properly printed. On the other hand, when the 
printer characteristic falls to match the present 
calibration data 250 and therefore the observation test 
chart 240 is poorly printed, then the user will be able to 
clearly see the character pattern by the differences in 
color between the character pattern and the background 
pattern. With this configuration, the user can tell how 
well the observation test chart is printed by merely 
glancing at the observation test chart. Therefore, by 
merely glancing at the observation test chart, the user can 
determine whether or not the calibration data needs to be 
updated. Therefore, operations for setting the calibration 
data using the colorimeter 138 can be performed only when 
needed . The user con determine whether or not the 
calibration data needs to be updated by visually confirming 
how well the observation test chart is printed by the 
printer 136. There is no need to perform complicated 
operations, such aa required for setting calibration data. 
The burden placed on the user is reduced so that the user 
can operate with improved efficiency. 

In the above description, the observation test chart 
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240 l. configured from the background pattern and the 
character pattern that is formed from the character train. 
6 ucn as the word -calibration'. However, the enervation 
test chart is not lifted to character., but instead can 
include any combination of symbols. mark*, or other 

particular figures- 

Aiso, in the above description, amounts of respective 

lBle . ^d are adjusted In order to print the character 

pattern in the same color as the background pattern. 

However, each pattern, such as the character pattern and 
background pattern, can be printed in different colors as 
long as whether the printing results are good or not can be 

visually determined. 

IB the above description, the computer 300 has a 
function of both an image processing device and a 
calibration setting device. That is. the computer 300 can 
operate to set calibration data and to convert image data 
iW~- from an upper rank program, into ^ "rmatlon 
oata Din using the calibration data. However, the function 
o£ the calibration data setting device can be incorporated 
in to the *»age forming device, such as the printer or a copy 
machine , itself . 

wnile the invention has been described In detail with 
reference to the specific embodiment- thereof, it would be 
apparent to those skilled in the art that various changes 
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and modifications may be made therein without departing from 
the spirit of the Invention. 

For example, in the above- described embodiments, the 
calibration data Is produced for the printer. However, the 
calibration data can be produced for other types of image 
formation devices such as a display. In such a case, the 
display is controlled by the input tone levels Din to form a 
plurality of color patches, and the formed color patches are 
measured to obtain output levels Dout. Based on the obtained 
measurement values Dout and the input levels Din, the 
calibration data le produced. 

In the first embodiment, the user may be allowed to 
optionally select the user's desired correct file or the 
user's desired preserved file for printing. In the second 
embodiment, the user may be allowed to select a desired 
standard data set 142 and accordingly to select a desired 
standard calibration data set 140 to update the present 
calibration data 150. 



